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Abstract
Purpose In total knee arthroplasty, tissue-sparing tech-
niques are considered more important, as functional gain
could become more advantageous when early mobilization
is commenced. The parapatellar approach is most often
used, whereas the subvastus approach is a suitable alter-
native. Presently, it is unknown, according to true objective
measurements, which of the two is most advantageous.
Methods In this prospective randomized double-blind,
short-term trial measurements (KSS, WOMAC, PDI, VAS,
ability to perform) were obtained at day 1, day 3, 1 week,
6 weeks, and 3 months.
Results The subvastus group (n = 20) showed only sig-
niﬁcantly less extension lag direct postoperative (P = 0.04)
compared with the parapatellar group (n = 20). Other
scores were not signiﬁcantly different. The Dynaport
knee
test, an objective performance-based tool, could not dem-
onstrate signiﬁcant differences. A blunt anatomical dissec-
tion was carried out in both observational and histological
to support ﬁndings. A dense innervation of the distal vastus
medialis was found. This is at risk employing the subvastus
approach. Both approaches harm the suprapatellar bursa.
The vastus medialis sheath must be detached distally to
open the knee joint. No true separate vastus medialis obli-
quus could be identiﬁed.
Conclusion Comparable to literature, only mild advan-
tage employing the subvastus approach was found, but only
early postoperative and not objectively. As this approach is
also not suitable in every case, we will continue to use the
parapatellar approach.
Keywords Knee replacement  Subvastus approach 
Performance-based test  Vastus medialis anatomy 
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Introduction
Optimizing rehabilitation after total knee replacement will
likely provide better functioning of the knee joint but also
avoids complications and reduces healthcare costs [18].
Postoperative recovery of knee function is dependent on
patient factors such as body mass index (BMI) and pre-
operative functioning of the knee and tissue-sparing tech-
niques [1, 3, 6, 9].
Postoperative rehabilitation of knee function is also
dependent on the method of assessment employed [8].
Knee ﬂexion appears to be less important than patient-
related outcomes such as WOMAC functioning, since it
seems to correlate more with patient satisfaction and pain
[22]. Therefore, clinical evaluation after total knee
replacement should be measured with multiple items [2].
Assessment must include a pain score and a range of
motion. Function should be assessed separately. Ryd et al.
[31] claim large bias of subjective knee scores after knee
arthroplasty and question the reliability. Therefore, poten-
tial under- and over-performance of these scores is likely.
Preservation of integrity of the quadriceps muscle group
is essential to knee function of the quadriceps and faster
recovery [6, 9, 11, 23]. The parapatellar approach is
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DOI 10.1007/s00167-010-1292-0commonly used to expose the knee joint. Using the less
frequent medial ‘‘subvastus’’ approach, the extensor
mechanism is deemed to be preserved, as patella tendon
junction remains unharmed.
Weinrauch et al. [40] showed that patients who had
undergone knee replacement through a parapatellar
approach had a signiﬁcant larger extension lag than
patients in the subvastus group early postoperative. How-
ever, a randomized trial by Weinhardt et al. [39] on this
topic showed similar results in terms of pain, operation
time, and complications. Patients after knee replacement
via subvastus approach reached 90 degrees of ﬂexion ear-
lier but were similar at time of discharge.
Matsueda et al. [20] compared a group of total knee
arthroplasty (TKA) patients with parapatellar approach and
subvastus approach retrospectively at 6 months. There
were no signiﬁcant differences for range of motion, Knee
Society Score (KSS), knee function scores, and stair-
climbing ability. In the subvastus group, there were sig-
niﬁcantly fewer knees requiring a lateral retinacular
release, concluding that the subvastus approach led to
improvement of patellar tracking and stability, but not to
increased function.
Therefore, it can be questioned whether functional dif-
ferences, if any, only occur in earlier phases of recovery.
Also, knee scores may not capture existing differences
equally [37]. Moreover, the subvastus approach might not
result in better tissue sparing, as it may harm viable
structures [5, 24].
A study to establish early postoperative differences
between the parapatellar and the subvastus approach was
conducted, using a performance-based test to complement
standard scores. It was hypothesized that a subvastus
approach would not lead to a functional faster recovery.
Also, an anatomical study was conducted to explore the
anteromedial anatomy of the knee to ﬁnd explanations why
the subvastus approach would not possibly result in a better
postoperative function [20, 39] and to study the anatomical
structures at risk employing either of the two techniques
[14].
Materials and methods
In this study, 40 patients with symptomatic unilateral
osteoarthritis of the knee and indicated for total knee
arthroplasty (TKA) were enrolled in a double-blind pro-
spective randomized design. Patients were divided in a
group of 20 patients who underwent a parapatellar
approach and another group of 20 patients who were
operated on using the subvastus approach, just prior to
surgery. Approval was acquired from the local Medical
Ethics Committee.
An uncemented Scorpio cruciate retaining total knee
system (Stryker, Warsaw, IN, USA) was implanted by
either of the two senior authors (ML or IH). As the para-
patellar approach is employed as the standard approach,
both surgeons performed ﬁve subvastus procedures prior to
this study to minimize learning-curve bias. The patella was
left unresurfaced in all cases but was everted in the para-
patellar approach group. Patients with a previous contra-
lateral knee implantation, a poor medical condition,
cognitive or language problems to complete the question-
naires, age over 80 years, and those that were unable to
perform a gait test were not included.
Posttreatment rehabilitation was similar for both groups
andconsistedofajoint-careprogramrehabilitationprotocol.
Full weight-bearing and active exercises were commenced
the ﬁrst day after surgery as tolerated. Patients were dis-
charged after 5 days standard and rehabilitated throughout
thestudyoutpatient,threetimesaweek,bythesameteamof
therapists. Exercises for active muscle strengthening and
range of motion were similar for all.
Both patients and the investigators (WH and RS) were
blinded to the type of approach. The skin incision was
equal in both groups, and access to the OR-report was only
allowed after the completion of 3 months of follow-up.
The measurements were performed just prior to surgery
and postoperative at 2, 6, and 12 weeks. They consisted of
Knee Society Score (KSS) [13], where we continuously
used it by breaking down in knee and function score,
Western Ontario and McMaster Universities Index of
Osteoarthritis (WOMAC) (lowest is best) [4], VAS for pain
(lowest is best), pain disability index (PDI) (lowest is best
[33]), and the Dynaport
knee test [36] (also performed on
day 3). The existence of an active extension deﬁcit but
passively correctable extension (extension lag) and the
ability to mobilize was checked at day 1. VAS was
recorded at day 1 and day 3 as well.
The preoperative stage of osteoarthritis was classiﬁed
according to the Ahlback’s scoring system. Implant posi-
tion was veriﬁed on a 6-week postoperative standing AP
and lateral radiograph and standing long leg radiograph
(failure if more than 5 degrees deviation).
The DynaPort
knee test is a short (30 min) standardized
test to assess the quality of movement or patients with a
knee dysfunction. It objectively assesses functional abili-
ties in a standardized set of tasks closely related to ADL
(activities of daily living). Test persons wear several belts
around their trunk and legs, while performing 29 sets of
tasks related to ADL, such as walking several distances,
climbing different stair heights, and picking an lifting
objects and always in the same order. The rationale of the
DynaPort
 system has been explained by van den Dik-
kenberg et al. [36], and validity has been proven [26, 27].
Accelerometers generate the DynaPort
knee test subscores
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123(locomotion, rise and descend, lift and move, and transfers)
and the overall score. An item too difﬁcult can be skipped,
but results in 0 points.
Anatomical study
Two lower limb specimens (left and right) were harvested
from two different formalin-injected human cadavers. Both
specimens were amputated 20 cm distally from the tibial
tuberosity, and proximal structures were spared. The blunt
dissection technique was carried out as described previ-
ously by van Mameren et al. [38].
The cutis and subcutis were completely removed by
sharp dissection. To explore the subcutaneous course of the
greater saphenous vein and the infrapatellar and main
branch of the saphenous nerve, a blunt dissection was
utilized (Fig. 1). A small circular band of cutis and subcutis
was left intact at the proximal and distal end of this spec-
imen, and the (para)patellar blood supply and the infrapa-
tellar nerve supply were investigated by dissecting layers
of deep fascia (‘‘fascia lata/cruris’’) around the patella
sharply and fatty ‘‘gliding’’ tissue between these layers
bluntly (Fig. 1).
In both knees, the sartorius, vastus medialis, rectus
femoris, and vastus lateralis compartments were opened in
that order by longitudinal incisions of the deep fascia lying
over it (Fig. 1). Parafﬁn-embedded hematoxylin and eosin-
stained histological sections were produced to identify
these neurovascular structures. The dissection procedure
was photographed using a digital SLR camera (Canon
400D, Canon Inc.) mounted on a tripod with a standard
50-mm lens f1.8 in macro mode.
Statistical analysis
Data analysis was performed using SPSS 12.0 (Chicago,
Illinois, USA). Reported values are mean ± standard
deviation (SD). This study design involves patients who are
considered equal both prior to the study and after 1 year of
follow-up [20, 39]. Previous papers report differences
between 10 and 20 that are reported in Dynaport-employed
scores [35–37]. We considered one standard deviation of
difference clinically relevant. Based on this, an a priori
power analysis (a error probability of 0.05 and a power of
0.8) produced a minimum sample size of 34 patients.
The between-subject differences of mean at each time
point were analyzed using a Student’s t test or a Mann–
Whitney test depending on the data distribution. The
within-subject differences of mean were analyzed in a one-
way repeated measures ANOVA model with the approach
as a between-subjects factor. Post-hoc comparisons were
checked using a paired-samples t test. For proper use of
repeated measures analysis of variance (ANOVA), the
number of observations should be larger than n ? 10,
where n is the number of level of repeated measures. This
study was comprised of four scenarios, and there were 24
patients in the smallest group. If the sample size is between
16 and 40, a t-distribution can be applied if the sampling
distribution is moderately skewed, unimodal, without out-
liers. Therefore, the validity and applicability of the used
test were considered acceptable [21].
We used the Ahlback’s scoring system in a cross table
and used a chi-square test to exclude differences preoper-
ative. The difference in mean of early postoperative
extension lag, the ability to mobilize the ﬁrst day
patellar neurovascular bundle  
Right knee  
distal  
Fig. 1 Dissection of superﬁcial
neurovascular structures with
‘x’ opened vastus medialis
compartment and ‘*’distal
aponeurotic vastus medialis
plate
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123postoperative, to participate in the third day test and the
3-month implant position including existing patellar tilt on
the patella sunrise view were analyzed as a proportion
sample using Fisher’s Exact test. Level of signiﬁcance was
set at P\0.05.
Results
All patients were available throughout the entire testing
period. Preoperative demographic characteristics are pre-
sented in Table 1. The mean peri-operative blood loss was
recorded using the 24-h drain production, as surgery was
performed with a tourniquet.
The VAS, which only showed a signiﬁcant difference at
the third day, and PDI scores are shown in Fig. 2.
At the third day, nine patients in the parapatellar group
showed an extension lag compared with three in the sub-
vastus group (P = 0.04). Knee ﬂexion is displayed in
Fig. 3 and showed no signiﬁcant differences.
At 2, 6, and 12 weeks postoperative, there were no
signiﬁcant differences between groups as indicated by
Dynaport
knee test and its subscores (Fig. 4), as well as
KSS (Fig. 3), WOMAC pain, function and stiffness
(Fig. 5).
The improvements within subject, determined using
repeated measures model, were below signiﬁcant levels.
No post-hoc tests were obtained here.
Implant position was considered normal in all cases, and
patellar tilt was not found to be signiﬁcantly different
between groups (n.s.).
One patient in the subvastus group sustained a deep
infection, which resulted in extensive debriding surgery.
Anatomical dissection
In both anatomical specimens, the ﬁbers of the vastus
medialis muscle were removed by bluntly detaching them
from the dense connective tissue (Fig. 6). A large number
Table 1 Demographic
characteristics
Parapatellar
group (n = 20)
Subvastus
group (n = 20)
Age 70.9 (±7.1) 70.3 (±11.8) n.s.
BMI 30.3 (±5.9) 29.2 (±5.5) n.s.
Sex 13F/7 M 14F/6 M
Stage of osteoarthritis (Ahlback) 1 (n = 10) 1 (n = 11)
2( n = 6) 2 (n = 5)
3( n = 4) 3 (n = 4)
Surgical time 69 (±12.6) 74.7 (±18.6) n.s.
Blood loss (24-h drain production) 672.7 ml ± 359.6 574.6 ml ± 134.7 n.s.
Fig. 2 Mean (±SD) Vas and PDI score in time
Fig. 3 Mean (±SD) knee ﬂexion, knee score, and function score in
time PP parapatellar, SV subvastus
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123of neurovascular bundles between the oblique muscle
bundles could be observed. The main branch originates
through a double sheath of the deep fascia and runs until
the distal end of the compartment (Fig. 6). The most distal
neurovascular bundle in the left specimen appeared at only
a few millimeters from the distal border of the vastus
medialis compartment (Fig. 1). More proximally, further
nerve vessel strands from 1.5 to 17 cm from the patellar
base could be observed (Fig. 1).
Two aponeurotic plates emerged, one at the distal
(Fig. 1) and one at the proximal side of the vastus medialis
compartment. The distal aponeurosis was attached to the
craniomedial and cranial side of the patella and the con-
nective tissue at the medial side of the knee. A large
aponeurotic plate consisting of dense connective tissue was
found to lie parallel oriented with the fascia of the vastus
medialis muscle and with the medial capsule of the knee
(Fig. 6). This plate has to be severed to open the knee joint.
Proximally, the orientation of the muscle ﬁbers changed
to more vertically. Exploration of the transition between
the oblique and more vertically oriented muscle ﬁbers
revealed only branches macroscopically claimed as neu-
rovascular bundles, while dense connective tissue was less
present. No dense connective tissue sheath was present
Fig. 4 The Dynaport
knee test (mean ± SD) and subscores in time PP parapatellar, SV subvastus
Fig. 5 WOMAC score
(mean ± SD) in time
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123deﬁning an exact border between a vastus medialis obli-
quus (VMO) and vastus medialis rectus (VMR), as
described by others [10, 34] (Fig. 6).
In one specimen, the VMO and VMR separating entity
containing claimed neurovascular bundles was prepared for
histology and neurovascular structures embedded in loose
connective tissue could indeed be identiﬁed (Fig. 7a–c).
Discussion
The most important ﬁnding in the present study was that
only an early extension lag and WOMAC functioning was
in favor of the subvastus group. We deliberately conducted
a short-term clinical trial to focus on early recovery, as this
is deemed to be faster [16], and both surgical procedures
are considered to result in equal long-term outcome [6, 20,
39, 41]. This is the ﬁrst paper to combine the disease-
speciﬁc Western Ontario and McMaster Universities Index
for Osteoarthritis (WOMAC) [4], Knee Society Score
(KSS), and a objective performance-based tool (Dyna-
port
knee test), as well as pain-related score (VAS, PDI).
Current literature reports equal scores in terms of pain
postoperative, blood loss, and need for substitution [39].
There is substantial pain relief compared with preoperative
employing both approaches, but no signiﬁcant difference
was found.
The proportion that could mobilize the ﬁrst day post-
operatively and manual ﬂexion measurements at the third
day postoperative were not signiﬁcantly different. Here,
Weinrauch et al. [40] and Weinhardt et al. [39] found better
results for the subvastus approach compared with the
parapatellar approach.
Parent and Moffet [30] have demonstrated the useful-
ness of a gait test in early recovery. The Dynaport
knee
test is rather sensitive in detecting small differences as
demonstrated before [15, 37], and it can be concluded that
in this study, patients operated on using a subvastus
approach are not functionally superior.
Kreibich et al. [17] and Parent et al. [30] studied the
responsiveness of various parameters in relation to out-
come after knee replacement independently and considered
WOMAC (functioning) most responsive especially in early
recovery phase. The WOMAC functioning score in this
study showed signiﬁcant functional advantages and showed
a signiﬁcant steeper recovery after surgery, but this ﬁnding
was reversed between 6 weeks and 3 months.
Quadriceps strength as measured by lag deﬁciency [40]
occurred signiﬁcantly less frequent in the subvastus
approach at the third day. This was conﬁrmed by Cila et al.
[7]. They even found better results for the subvatus group
within the ﬁrst 3 months using mechanical quadriceps
strength testing, but none beyond that time point.
In relation to quadriceps functioning, in the report of
Matsueda et al. [20], there has been great focus on the
patellofemoral joint [20]. Our patella tilt measurements
showed no signiﬁcant difference. Dynamic tests that
challenge the patellofemoral function are reﬂected in the
rise and descend subscore of the Dynaport
knee test. In a
previous paper, we found this subscore discriminating in
patellofemoral functioning [37]. However, the rise and
descend subscore results also revealed no difference. It is
uncertain how Matsueda et al. [20] and Ozkoc et al. [28]
would correlate patellar tilting to clinical outcome.
Matsueda et al. [20] also report that fewer lateral reti-
nacular releases have been performed in the subvastus
VMO  
VMR  
left knee  
distal  
Fig. 6 Black arrow
neurovascular bundle between
VMO and VMR
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123group, but this should be a retinacular release, a conse-
quence of imbalance in the patello-femoral joint, mainly
due to incorrect rotation of the femoral component. Per-
forming a lateral release may jeopardize the vascularity of
the patella. In the dissection study (Fig. 2), the medial part
of this extraosseous ring was found to be located in the
layered medial patellar retinaculum. These structures are
severed in either approach.
The vastus medialis obliquus (VMO) has been descri-
bed as a separate entity of the vastus medialis muscle and
held responsible for early quadriceps strength [12, 19, 29,
34]. However, employing a blunt dissection technique, a
VMO structure was not encountered as a separate entity.
This is an oblique or rather a more acute orientation of
layered muscle ﬁbers of the vastus medialis muscle. It is
not separated by dense connective tissue resulting in a
separate muscle unit. This has been supported by Hubbard
et al. [12]. Only neurovascular structures were found at the
level that is considered to be the anatomical border of the
VMO.
The vascularisation and innervation of the distal vastus
medialis located at immediate distal border of the vastus
medialis fascia are at risk during the subvastus approach.
Next to pain and joint effusion, this denervation could
lead to loss of function, which was also speculated by
Kelly et al. [14]. Loss of quadriceps muscle strength
seems rather a neurological deﬁcit and failure of volun-
tary muscle activation than pain or savage of the tendon
itself [24, 25].
The anterior and medial vastus medialis attachment to
dense connective tissue layers of patellar insertion is
preserved during subvastus approach. However, the pos-
teromedial origo is severed. Here, a substantial part of
the quadriceps attachment, considered as a major com-
ponent in patellar stability, tracking and extensor mech-
anism [32], has to be released in order to perform the
arthrotomy.
There are a few limitations in this study. The relatively
small sample size chosen based on the power analysis for
the Dynaport
knee test might result in type II error con-
sidering other parameters. VAS measurements near sig-
niﬁcances must be interpreted with caution. Preoperatively,
the group already differs almost one point, and therefore
postoperative signiﬁcances may be caused by existing
differences. Furthermore, this study is not a single surgeon
series. As there are no major differences, we considered it
to be of minor inﬂuence.
Next to generic and disease-speciﬁc scores, the use of
objective or performance-based instruments in studies on
functional outcome is warranted. Pain is likely to inﬂuence
the difference between self-reported questionnaires and
objective tests.
 B
 C
 (a) H&E 45 x
fat
artery
vene
(b) H&E100 x
nerve
muscle
(c) H&E 200 x
Fig. 7 Histology of vastus
medialis with identiﬁcation of
nerve strands (H&E
hematoxylin eosin staining)
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123Conclusion
In this study, no difference was found between the para-
patellar approach and subvastus approach in terms of pain
reduction and restoration of function, and both have ana-
tomical disadvantages.
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